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Abstract
The lagrangian of the N=1, D=10 dual supergravity interacting
with the Yang-Mills matter multiplet is constructed starting immedi-
ately from the equations of motion obtained from the Bianchi Iden-
tities in the superspace approach. The difference is established in
comparison with the Gates-Nishino lagrangian at the forth order level
in fermionic fields.
1 Introduction
The dual version of ten-dimensional (D=10) simple (N=1) super-
gravity (DUAL SUGRA) was discussed in [1], [2]. (The complete
lagrangian was written in [2]). Some arguments were presented
in [3], that this theory may be considered as a low-energy limit of
the geterotic superstring. In the same paper special nonlocal in-
teractions at the superstring level were constructed to reproduce
the DUAL SUGRA in the string theory. It was shown in [4], that
DUAL SUGRA may be introduced naturally in the framework
of a five-brane theory, which is apparently related by duality to
1Research supported by the ISF Grant MOY000
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the theory of superstring. The connection of the DUAL SUGRA
with the superstring (and/or five-brane) approach is important
for many reasons. In particular, the special nonlinear super-
string corrections are necessary for compensation of anomalies.
Unfortunately, the five-brane theory has not yet studied prop-
erly. But in the superstring approach one encounters compli-
cated nonlocal interactions in the derivation of DUAL SUGRA.
So, it is not clear how to obtain the DUAL SUGRA anomaly-
free lagrangian from the five-brane and/or superstring approach
even in the tree approximation.
Nevertheless it is possible to construct anomaly-free DUAL
SUGRA immediately using symmetry considerations only . One
must use in addition some knowlege on the structure of the
Green-Schwarz [5] anomaly compensating terms which arise in
the proccess of dual transformation from the USUAL SUGRA
theory. This approach was accepted in [6] and it was shown fi-
nally in [7] that equations of motion (e.m.’s) of the resulting the-
ory are much more simple than in the USUAL SUGRA (where
e.m.’s has no closed form and can be presented only as an infi-
nite series in terms of 3-form graviphoton superfield, see [8] and
other references therein). Unfortunately the discussed approach
is based on superspace methods and corresponds specifically to
the mass-shell description, i.e. to the e.m.’s level.
The construction of the lagrangian is a separate problem. In
general it is not clear a priori that this problem may be solved in
the anomaly-free case, where a lot of nonlinear terms (tree-level
superstring corrections) are present. The absence of the explicit
e.m.’s makes it difficult to study this problem in the USUAL
SUGRA case. Another situation is in the DUAL SUGRA, where
one may hope to construct the lagrangian explicitely. That is our
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final purpose in the process of studying of the DUAL SUGRA.
To solve this problem one must study first the simplest (anomaly-
full) case of DUAL SUGRA (without nonlinear superstring cor-
rections). The lagrangian of such a theory has been derived
from the USUAL SUGRA lagrangian [9],[10] by an explicit dual
transformation, see [2]. (This method can not be generalized
to the anomaly-free case). Our purpose here is to derive this
lagrangian immediately from the e.m.’s in the superspace ap-
proach, because we believe that namely this approach can be
generalized to the more general anomaly-free case. The main
idea of this derivation was formulated in the short paper by one
of us [11], where the pure gravity sector was considered. In the
present paper the straightforward generalization to the case of
gravity interacting with matter is considered. We found out in
the process of this study that some fermionic forth order terms
are given incorrectly in [2].
In Sec. 2 the supercovariant e.m.’s for matter fields are pre-
sented, in Sec. 3 the lagrangian for matter sector is derived from
these equations. In this section the lagrangian for gravity sector
is also presented, which is taken from [11].
In Sec. 4 the e.m.’s for gravity sector (including matter con-
tribution) is derived from the superspace aproach and the deriva-
tion of these equations from the lagrangian is also discussed.
That provides the complete check of the procedure. In Sec. 5
the supersymmetry transformations are discussed.
We use the special field parametrization [7] (which is closely
related to the parametrization in [12]), which greatly simplify
calculations. In Sec. 6 the super-Weil transformation is dis-
cussed, connecting our fields to the set of fields from [2] and
[10].
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In Sec. 7 we discuss the scale-invariance, which will be im-
portant in analysing the general structure of the lagrangian with
superstring/fivebrane corrections at the next stage of our work.
This invariance is also helpful in establishing of general structure
of Bianchi Identities (BI’s) in the superspace approach.
In the Appendix the supercovariant form of the e.m.’s is pre-
sented together with some important constraints for superfields.
Finally the additional comment is needed. The most of the
studies in the superspace approach stop at the level of equations
of motion. There are reasons for this. These e.m.’s are written
usually in terms of torsion-full spin-connection and fields are
defined in the superspace covariant notations. So, there is a
long way from this level of description to the lagrangian level.
But it is a technical problem. What is more important that the
presence of additional constraints in the superspace approach
complicates the transition from the e.m.’s to the lagrangian.
With some parametrizations used in the literature (i.e. with
some choice of the constraints) it is even not clear, that the
lagrangian level may be consistently realized. Our purpose in
this paper is to go along this way from the beginning to the end.
Our notations and conventions in general are the same as
in [11]. (Some small differences will be noted below). These
notations correspond to [7] up to the sign of curvature and spin-
connection. The complete description of the notations and their
connections to that from other papers see in [6].
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2 Supercovariant Equations of Motion for Mat-
ter Fields
The derivation of the matter fields e.m.’s is the standard proce-
dure in the superspace approach. (For example see [13], [14] and
references therein). We are presenting here some basic formulas
only to define our notations.
The starting point is the BI for the Yang-Mills field-strength
superfield FAB:
D[AFBC) + T[AB
QFQC) ≡ 0, (2.1)
where supercovariant derivativesDA obey the commutative (an-
ticommutative) relations:
(DADB − (−1)
abDBDA) VC =
= −TAB
QDQ VC −RABC
D VD − (FAB VC − (−1)
c(a+b)VC FAB),
(2.2)
where the supertorsion TAB is defined as in [7], but the super-
curvature RABCD differs in sign in comparison with [7]; FAB
is in the algebga of the Yang-Mills internal symmetry group
G: FAB ≡ F
J
ABX
J , where (XJ)i
j
are anti-hermitian matrices
- generators of G. Our definition corresponds to the space-
time components of the Yang-Mills field-strength in the form:
Fmn = ∂mAn−∂nAm−[Am, An], where Am is the space-time com-
ponents of vector-potential. That corresponds to F = dA+ A2
for the field-strength 2-form. The same definition is accepted
for the curvature 2-form: dR = dw + w2, where w is the spin-
connection 1-form.
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We use the same set of constraints as in [7], so we get the
same solution for the torsion and curvature BI’s.
To find the mass-shell solution of BI (2.1) it is necessary to
impose the additional constraint:
Fαβ = 0 (2.3)
Then, using the the standard procedure (cf. [14] and other ref-
erences therein) one can derive the relations which follow from
(2.1) and (2.3):
Faα ≡ (Γa)αβ λ
β, (2.4)
Dα λ
γ =
1
4
Fab (Γ
ab)α
γ
(2.5)
Dγ F
ab = 2(Γ[a)γβD
b] λβ−T abc (Γc)γβ λ
β−
1
36
(TˆΓab)γβ λ
β (2.6)
where λα (which is a 16 IR of O(1.9) ) must be interpreted as
the gluino superfield.
Now, applying spinorial derivatives to eq. (2.5), then taking
the symmetrical part in spinorial indices of the resulting expres-
sion and using (2.2), (2.6), one gets the following equations of
motion:
ΓaDa λ+
1
12
TabcΓ
abc λ = 0, (2.7)
DaF
ab + TabΓ
b λ+ 2 λΓb λ = 0. (2.8)
We do not write spinorial indices explicitely in the cases, where
their position may be reconstructed unambiguously.
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Taking the zero superfield-component of these equations, one
gets immediately the e.m.’s for gluon and gluino fields in su-
percovariant notations. (In the following we make no difference
for the relations between superfields and their zero components
because in most of the cases it can not produce misunderstand-
ing).
3 Lagrangian for Physical Matter Fields
The simple equations obtained in Sec. 2 are not suitable for
construction of the lagrangian, because they are written in terms
of superspace-covariant tangent-space components. (We are not
able to write a lagrangian in terms of these components). As
usual, to return to the space-time components one must use the
special gauge for the superspace veilbein EAM (cf. [15]):
EM
A| =

 ema ψαm
0 δαµ

 , (3.1)
where ψαm is the gravitino field.
The supercovariant derivative Da ≡ Ea
M DM is equal to:
Da = e
m
a Dm − ψ
β
a Dβ , (3.2)
where ψa = e
m
a ψm and the space-time component of the covari-
ant derivative is:
Dmλ = ∂ λ− ωm λ− [Am, λ], (3.2
′)
where (ωm)
β
γ ≡
1
4ωm
abΓab
β
γ is the spin-connection which is in
the algebra of O(1.9).
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Now we introduce the usual tangent-space components of
physical fields instead of supercovariant quantities used in the
superspace approach of refs. [7] and others. Namely:
Fab ≡ e
m
a e
n
b Fmn, ωcab ≡ e
m
c ωmab , (3.3)
Mabc =
1
7!
εabc
a1...a7 (ea1
m1 . . . ea7
m7 Nm1...m7) , (3.4)
where Nm1...m7 = 7 ∂[m1 Mm2...m7], and Mm1...m6 is the 6-form
graviphoton potential of DUAL SUGRA.
It is possible by the standard way, using the definition of su-
pertorsion TMN
A = DM E
A
N − (−1)
mnDN E
A
M , to find the rela-
tion between the torsion-full spin-connection in the eq.(3.3) and
the usual spin-connection ω
(0)
cab defined in terms of derivatives of
eam:
ωcab = ω
(0)
cab(e) +
1
2
Tcab + Ccab , (3.5)
where:
Ccab = ψa Γc ψb −
3
2
ψ[a Γc ψb] (3.5
′)
We need the special notation ∇m for the covariant derivative
with the spin-connection ω(0)m (∇[me
a
n] = 0). We define also ∇a ≡
ema ∇m.
Now it is the straightforward procedure to connect the phys-
ical fields introduced before with Fab and other supercovariant
fields from [7]:
Fab = F ab + 2ψ[a Γb] λ (3.6)
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Tab = 2∇[a ψb] +
1
2
(Γcd)ψ[aCb]cd (3.7)
Tabc = Nabc =Mabc −
1
2
ψf Γ
f
abc
d
ψd (3.8)
Substituting obtained relations in the eqs.(2.7),(2.6) and tak-
ing into account the eq. (3.2), we get equations of motion for
physical matter fields in the final form. For gluino:
∇ˆλ−
1
24
Mˆ λ+
1
48
(ψf Γfabcd ψ
d) Γabc λ+
1
4
Γa Fˆ ψa+
+
1
8
(ψa Γb ψc) Γ
abc λ−
1
2
(ψa Γ
a λ) Γb ψb +
1
2
(ψm Γa λ) Γ
a ψm = 0,
(3.9)
For gluon:
∇b (F
ba − λΓc Γba ψc) + 2 λΓ
a λ+
1
2
Mabc Fbc = 0 , (3.10)
where
∇ˆ = Γa∇a, Fˆ = Fab Γ
ab, Mˆ =MabcΓ
abc (3.10′)
The matter-field lagrangian-density is reconstructed immedi-
ately from eqs.(3.9), (3.10):
LYM =
1
g2
Tr[−
1
4
Fba F
ba +
1
8 · 6!
εa1...a10 Ma1...a6 Fa7a8 Fa9a10+
+λ ∇ˆλ−
1
24
λ Mˆ λ+
1
2
λΓa Fˆ ψa
+(λΓb ψa) (λΓ
a ψb)−
1
2
(λΓb ψb)
2 −
1
2
(λΓa ψb)
2], (3.11)
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where Tr is calculated in the adjoint representation of the group
G (Tr AB = GJK A
J BK , where GJK is a Killing tensor), g is
a coupling constant.
The total lagrangian is equal to (in all the cases here and in
the following the term ”lagrangian” is used for the lagrangian
density):
Ltot = LYM + LGRAV , (3.12)
where the first term in the r.h.s. of (3.12) is the lagrangian
(3.11), but the second term is the lagrangian for the pure gravity
supermultiplet, obtained in [11]:
LGRAV = φ (R−
1
3
T 2) |+ 2χΓabTab | , (3.13)
where φ and χα are dilaton and dilatino fields (α is spinorial
index), R is the supercovariant scalar curvature, T αab and Tabc
are supercovariant torsion components, T 2 ≡ Tabc T
abc, gravita-
tional coupling constant is put equal to one.
This form of the lagrangian follows from the linearity of the
superspace e.m.’s in terms of dilaton and dilatino fields (see
Appendix).
It is not a direct procedure to obtain from (3.13) the la-
grangian in terms of physical fields. (The presence of constraints
at the on-shell level makes it difficult to relate the off-shell curva-
ture in (3.13) with the corresponding on-shell quantity, defined
in [7]). This problem was solved in [11] and the resulting la-
grangian takes the form:
LGRAV = φR − 2φψaΓ
abcψc; b − 2φ; aψ
aΓbψ
b + 4ψaΓ
abχ; b+
10
−
1
12
φM2abc +
1
12
φψaΓ
[aMˆΓb]ψb −
1
2
χΓabψcMabc−
−
1
48
φ (ψdΓdabcfψ
f)
2
+
1
4
φ (ψaΓbψc)
2 +
1
2
φ (ψaΓbψc)(ψaΓcψb)−
−φ (ψaΓ
bψb)
2
+(χΓabψc)(ψ
aΓcψb)−2 (χΓaΓbψ
b)(ψaΓcψ
c) (3.14)
Some specific property of the graviphotonMm1...m6-field equa-
tion of motion (namely the fact that this equation has the form
of derivative, because only the field-strength appears in the la-
grangian) is necessary to derive (3.14) from (3.13) [11], i.e. only
partial information on the superspace e.m.’s is sufficient for the
construction of the complete lagrangian. Afterwards, having
(3.11), (3.12) and (3.14), one may write explicitely all the other
equations of motion.
To check the consistency of the approach we take the fol-
lowing procedure in the next Section . We derive the explicit
form of the superspace e.m.’s and then compare the result with
the e.m.’s which follow from the lagrangian. We shall find that
the lagrangian e.m.’s are, in general, complicated linear com-
binations of the superspace e.m.’s. Nevertheless there is the
complete corresponence between them (see below).
The additional comment is necessary. The lagrangian (3.11)
does not contain terms of order of λ4. (The choice of variables
corresponding to the canonical kinetic terms in the lagrangian
does not change this conclusion, see Sec. 6). That contradicts
to the result of [2]. (We find also the discrepancy with [2] in
some other forth order terms in fermionic fields).
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4 Gravity Multiplet Equations of Motion
.
The complete set of the superspace e.m.’s, as derived in [7],
is presented in the Appendix. They have the universal form for
DUAL and USUAL SUGRA. These equations contain the Aabc
-field, which, at the first sight, is not fixed completely in the
DUAL SUGRA. Nevertheless, we believe that equations (A.11),
(A.12) fix the Aabc-field unambiguously up to some numerical
multiplicative factor. The simplest way to find the solution of
these equations ( it is the unique solution consistent with BI’s),
is to consider BI’s for the graviphoton field HABC in the USUAL
SUGRA. Such a procedure was used in [7] to find the contribu-
tion of superstring corrections. Now we use it to find the con-
tribution of matter degrees of freedom to the gravity multiplet
e.m.’s.
In the presence of matter fields the H-superfield BI’s take the
form:
D[AHBCD) +
3
2
T[AB
QHQCD) =
= −
3
4
cY Tr[F[AB FCD)]−
3
2
cLR[AB
efRCD)ef (4.1)
Note, that cL = −γ 6= 0, cY = 0 in [7]. Now we are considering
the case cL = 0, cY 6= 0.
The factor cY is fixed in the USUAL SUGRA if the H-field
normalization is fixed by the choice of constraints (4.2) (see be-
low) but the F -field normalization is fixed by the choice of ki-
netic terms in the lagrangian. The value of cY also follows in the
framework of the DUAL SUGRA (see below, eq. (4.11)). Due
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to the fact, that Habc and Mabc are connected with the same
quantity, the torsion-component Tabc, one can easily relate the
normalization of H andM -fields. So one can easily establish the
self-consistency of the cY -definition by two different procedures.
The constraints for the H-superfield may be self-consistently
defined in terms of dilaton φ and dilatino field χ = Dφ in the
form:
Hαβa = φ (Γa)αβ , (4.2)
Using (4.2), one can find the solution of (4.1) which is con-
sistent with the solution of torsion BI’s in [7]. The result is:
Aabc = −
cY
96
Tr[λΓabc λ], (4.4)
Hαbc = −(Γbc χ)α,
Habc = −φTabc −
cY
4
Tr[λΓabc λ] (4.5)
One may check that (4.4) is also the explicit solution of the
A-field equations (A.11), (A.12) (see Appendix). Now one may
forget the USUAL SUGRA, considering the described procedure
as the helpful auxiliary method to find the Aabc-field explicitely,
- not more.
Then it is a straightforward procedure to write the superspace
equations of motion (A.6)-(A.10) in terms of physical fields en-
tering in the lagrangian. The calculations and the results are
rather cumbersome. We present here only the terms which come
from the matter-fields contribution via the Aabc-tensor in the
e.m.’s (A.6)-(A.10). (The pure gravity contribution was dis-
cussed in [11]). We get the equations:
for the gravitino:
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Qa ≡ φTabΓ
b −∇aχ+ . . .+
+
cY
96
Tr[(λΓbcd λ) Γ
bcd ψa + 4Fcd Γa
cd λ+ 8 (ψc Γd λ) Γa
cd λ−
−40Fac Γ
c λ− 80 (ψa Γc λ) Γ
c λ] = 0, (4.6)
(here and in the following the notation . . . is used for the pure
gravity contribution, nonlinear in fields),
for the dilatino:
Q ≡ ∇ˆχ+ . . .−
−
cY
96
Tr[(λΓbcd λ) Γ
a Γbcd ψa − 8 Fˆ λ− 16 (ψa Γb λ) Γ
ab λ] = 0,
(4.7)
for the dilaton:
S ≡ ∇a∇
a φ+ . . .+
+
cY
96
Tr[(λΓabc λ) (ψf Γ
abc ψf)− 8 (F abFab)−
−32 (ψa Γb λ)F
ab − 32 (ψ[a Γb] λ)
2 +
4
3
(λ Tˆ λ)] = 0, (4.8)
for the graviton:
Sab ≡ φRab +∇(a∇b)φ+ . . .+
+
cY
96
Tr[(λΓcde λ) (ψa Γ
cde ψb)+4 ηab (F
cd Fcd)+16 ηab (ψc Γd λ)F
cd+
+16 ηab (ψ[c Γd] λ)
2 − 48 (∇(a λ) Γb) λ+ 6 (λΓ
cd
(b λ) Ta)cd−
−12 (λΓcd(b λ)Ca)cd + 12ψ(a Fˆ Γb) λ+ 24 (ψ(a Γ
ij
b) λ) (ψi Γj λ)−
−
2
3
ηab (λ Tˆ λ)+48FacF
c
b+96 (ψ[a Γc] λ)F
c
b+96 (ψ[b Γc] λ)F
c
a+
14
+120 (ψi Γ(a λ) (ψb) Γ
i λ)− 72 (ψa Γ
j λ) (ψb Γj λ)−
−48 (ψc Γa λ) (ψ
c Γb λ)] = 0, (4.9)
for the graviphoton:
Sabcd ≡ ∇[a (φMbcd]) + . . .+
+
cY
8
Tr[−6F[abFcd] − 24 (ψ[a Γb λ) (ψc Γd] λ)−
−24 (ψ[a Γb λ)Fcd] + 4∇[a λΓbcd] λ−
−6 λΓj [ab λCcd]j − ψ[a Fˆ Γbcd] λ− 2 (ψ[a Γ
ij Γbcd] λ) (ψi Γj λ)] = 0,
(4.10)
These equations may be derived independently by variation of
the lagrangian (3.12). (matter-field contribution to them follows
from (3.11)). The result of this variation is consistent with eq.’s
(4.6)-(4.10) if:
cY =
1
g2
. (4.11)
But there is no direct correspondence between (4.6)-(4.10)
and the equations obtained by variation of the lagrangian.
Note from the beginning that the dilaton eq.(4.8) immedi-
ately folows from (4.9) due to the constraint (A.4c) ( one must
multiply (4.9) by ηab to get (4.8)); the dilatino eq. (4.7) follows
from (4.6) due to the constraint (A.4b), [7] (one must multiply
(4.6) by Γa to get (4.7)).
The variation of (3.12) with respect to the gravitino field ψm
produces the equation:
Qa + ΓaQ = 0. (4.12)
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The variation of (3.12) with respect to the graviphoton field
Mm1...m6 produces the equation:
Sabcd + 3ψ[a ΓbcQd] = 0. (4.13)
The variation of (3.12) with respect to the graviton field eam
produces the equation
Sab + ηab (
1
2
B − S)− 2ψ(aQb) −
1
2
ψcΓabQc − ψ
cΓc(aQb)−
−
1
2
(ψcΓcab+2ψaΓb)Q−ηabψcΓ
cQ−
1
2
ηab Tr(λΛ)−
1
4
Tr(λΓabΛ) = 0.
(4.14)
where B ≡ −φ(R− 13 T
2), but Λ ≡ (∇ˆλ+ . . .) = 0 is the l.h.s.
of the gluino equation (3.9), Q, Qa, S, Sab, Sabcd are defined by
(4.6)-(4.10).
The direct variation of (3.12) with respect to the dilaton φ
and the dilatino χ-fields produces the constraints (A.4b), (A.4c)
as it follows from (3.13). (Note that φ and χ does not enter into
the matter part of the lagrangian (3.11)). So B = 0 in (4.14).
Calculating Γa projection from (4.12) one immediately ob-
tains Q = 0, and then Qa = 0. So, Sabcd = 0 as it follows from
(4.13). Contracting a, b indices in (4.14) one obtains S = 0,
and then Sab = 0. So, all the equations (4.6)-(4.10) follow from
(4.12)-(4.14).
This discussion demonstrates the complicated inter-connection
between the lagrangian and the superspace e.m.’s. It is the price
one must pay for the simplicity of the superspace mass-shell for-
mulation.
The consideration of pure gravity sector (terms . . . in (4.6)-
(4.10) ) leads to the same equations (4.12)-(4.14). (This calcu-
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lation was done by one of us (K.N.Z) and provide a check of the
procedure).
It is important that the same combinations (4.12)-(4.14) must
follow from the variation of the lagrangian if the contribution
of superstring corrections is taken into account according to [7]
(if a lagrangian exists in this case) because, as it has been just
shown, only consideration of matter-gravity interaction terms
is sufficient for the derivation of (4.12)-(4.14). This observation
must help the construction of the lagrangian from the superspace
e.m.’s in the presence of superstring corrections.
5 Supersymmetry Transformations
The supersymmetry transformations for any physical field fol-
lows immediately from the super-gauge transformation for the
corresponding superfield (cf. [15]). Out definitions are the fol-
lowing.
The super-gauge transformation is:
δQ(ǫ) = δGCT (ξ
N) + δL(Lab) + δG, (5.1)
where δGCT is a special superspace general coordinate transfor-
mation:
δGCT (ξ
N)VM = −ξ
N∂NVM − ∂Mξ
NVN , (5.2)
where ξN = (ǫν, 0) is a parameter, VM is any field with a world-
index in the superspace;
δL is a Lorentz-transformation:
δL(Lab)F = −(Lab Mˆ
ab)F, (5.3)
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where Lab are parameters, Mˆ
cd are Lorentz-group generators, F
is any field with a tangent-space index in the superspace. (Our
definitions are: Mˆ cd λα = 1
4
(Γcd)αβ λ
β and Mˆ cdXa = δ
cd
[ab]X
b for
fields with spinorial and vector indices);
δG is a gauge transformation:
δG(Ω)Am = −[Ω, Am]− ∂mΩ , (5.4
′)
δG(f)Mn1...m6 = −6 ∂[n1fn2...n6 (5.4
′′)
where Ω and fn1...n5 are gauge transformation parameters.
One can easily find (using the standard procedure [15]) all
the parameters in (5.3), (5.4) from the condition, that only the
superveibein transformation contains the derivative of ǫ. We
find:
LAB = −ǫ
νωνAB, Ω = −ǫ
νAν, fn1...n5 = −ǫ
νMνn1...n5
Then we get for the super-veilbein:
δQ(ǫ)E
A
M = −DMξ
A − ǫαTAαM , (5.5)
where ξA = (ǫα, 0); for any gauge-covariant field:
δQ(ǫ)X = −ǫ
αDαX (5.6)
and for field-potentials:
δQ(ǫ)Am = −ǫ
αFαm (5.7
′)
δQ(ǫ)Mn1...n6 = −ǫ
αNαn1...n6 (5.7
′′)
We write here the final form of the supersymmetry transfor-
mation in terms of superfields. The result for zero components
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(physical fields) follows immediately with the help of relations
from sec.’s 2-4.
For matter multiplet:
δQ(ǫ) λ =
1
4
Fab Γ
ab ǫ (5.8a)
δQ(ǫ)Am = −λΓm ǫ, (5.8b)
(where as usual Γm ≡ e
a
m Γa ); for gravity multiplet :
δQ(ǫ)em
a = −ψmΓ
aǫ , (5.9a)
δQ(ǫ)ψm = −Dmǫ−
1
72
ΓmTˆ ǫ , (5.9b)
δQ(ǫ)φ = χ ǫ , (5.9c)
δQ(ǫ)χ =
1
2
DaφΓ
aǫ− (
1
36
φTˆ − Aˆ) ǫ , (5.9d)
δQ(ǫ)Mm1...m6 = 6ψ[m1Γm2...m6] ǫ (5.9e)
where Fab is defined in (3.6); Tˆ = Tabc Γ
abc, (the same for Aˆ),
Tabc is defined in (3.8), Aabc is defined in (4.4).
The additional terms should be included in the Aabc-field if
superstring corrections are present, cf. [7]. It is the advantage
of our parametrization, that matter degrees of freedom (as well
as superstring corrections) ”penetrate” the gravity multiplet su-
persymmetry transformations only due to the Aabc-contribution
as in (5.11).
The supersymmetry algebra for physical fields is closed up to
equations of motion and gauge transformations. Namely:
[δQ(ǫ2), δQ(ǫ1)]X = (δGCT (ξ
m) + δQ(ǫ
′)+
+δL(Lab) + δG(ΩYM) + δG(fn1...n5))X + (e.m.’s), (5.10)
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where X is any field from gravity or matter multiplet.
The transformation parameters in (5.10) are:
ξm = ǫ1 Γ
m ǫ2 .
ΩYM = −ξ
mAm .
Ωm1,...,m5 = −ξ
nMm1,...,m5,n
Lab = −ξ
n ωnab +
5
12
ξc Tabc +
1
36
ǫ1 Γab
cde ǫ2 Tcde.
ǫ′ = ξn ψn
Eq. (5.10) takes place for any Aabc-field (not specifically for that,
defined by eq.(4.4)). Only the representation (A.13) for the Aabc-
superfield spinorial derivative is necessary for the derivation of
(5.10) .
6 Super-Weil transformations
To find the natural variables, where the lagrangian is more com-
plicated, but all the kinetic terms have a canonical structure, the
corresponding nonlinear transformation of the fields must be es-
tablished. The most important part of this transformation was
found in [11] by a direct study of a lagrangian structure. In the
superspace approach it is a Super-Weil (SW) transformation [18]
which relates the system of constraints from [3] (we define it as
set I) with that from [12] (set II). Set I was used in [6]. This set
produces the canonical lagrangian. Set II was used in [7] and in
the present paper.
All quantities corresponding to set I are primed in the fol-
lowing to distinguish them from the same objects in the set II.
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In all other respects we follow closely to the notations from [7],
[6]. We find the SW-transformation in the form:
EMa
′
= exp(2ρ) (EMa + f
γ
a E
M
γ ), E
M
β
′
= exp(ρ)EMβ
EbM
′
= exp(−2ρ)EbM , E
β
M
′
= exp(−ρ) (EβM − E
b
M f
β
b )
Dα
′ = exp(ρ) (Dα +
1
2
fα,cdMˆ
cd)
Da
′ = exp(2ρ) (Da + f
γ
a Dγ +
1
2
fa,cdMˆ
cd), (6.1)
where Mˆ cd are O(1.9)-generators;
ρ = −
1
16
logφ, ρβ ≡ Dβ ρ = −(16φ)
−1χβ, ρa ≡ Daρ
f γa = −2Γ
γβ
a ρβ, fβab = −4(Γab)β
γργ,
f[a,b]c = Tabc + Σabc + 4ηc[aρb], f
a
,ab = −36ρb (6.2)
where
Σabc ≡ ρΓabcρ = (256φ
2)−1 sabc,
but sabc ≡ χΓabcχ.
The relations (6.2) may be derived if one calculates the primed
torsion-components:
TBC
A′ ≡ (−1)b(m+c)EMC
′
ENB
′
TNM
A′ =
= (−1)b(n+c)ENC
′
DB
′EAN
′
− (−1)cnENB
′
DC
′EAN
′
in terms of the unprimed torsion-components using (6.1). By
this way one obtains the equations which may be solved imme-
diately, because TCAB
′
and TCAB are known from the solution of
corresponding BI’s.
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The same procedure may be applied to the NA1...A7
′. (One
must take into account the factor −1/2 due to the different
normalization of the graviphoton field in the notations of [7]
and [6]). Note that the SW transformation (6.1) does not affect
world-space components, so:
N ′M1...M7 = −
1
2
NM1...M7
F ′MN = FMN (6.3)
By this way one also finds the relation between primed and
unprimed sets of physical fields. The result is:
eam = exp(
1
6
φ′) eam
′
φ = exp(−
4
3
φ′), χ = −
4
3
exp(−
17
12
φ′)χ′
ψm = exp(
1
12
φ′)(ψm
′ −
1
6
Γm
′χ′)
Nabc = −2 exp(−
7
6
φ′)L′abc −
7
12
exp(−
1
6
φ′) s′abc
Aabc =
1
3
exp(−
3
2
φ′)Z ′abc,
Fab = exp(−
φ′
3
)F ′ab, λ = exp(−
φ′
4
) λ′ (6.4)
where L′, Z ′, s′ are defined in [6] (these objects appear in [6]
without primes!), Eαm
′ = ψαm
′ and Γ′m = e
a
m
′Γa , λ
′ is defined
according to (2.4) in terms of (Faβ)
′.
To be complete we present also the kinetic part of the la-
grangian L′tot (eLtot = e
′L′tot):
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L′tot =
1
g2
(
−
1
4
exp(φ′) (F ′ab)
2 + exp(φ′) λ′∇ˆ′λ′
)
+R′+2 (∂ ′aφ
′)2−
−
1
3
exp(−2φ′) (M ′abc)
2 − 2ψ′aΓ
abc∇′bψ
′
c + 4χ
′∇′χ′ (6.5)
Note also relations, connecting matrix elements in the 16-
component formalism used here with the corresponding quanti-
ties in the 32-component formalism:
ψΓ(2k+1)ψ = iΨ¯γ(2k+1)Ψ, (the same for lambda and Λ)
χΓ(2k+1)χ = −iX¯γ(2k+1)X,
ψΓ(2k)χ = iΨ¯γ(2k)X, χΓ(2k)ψ = −iX¯γ(2k+1)Ψ , (6.6)
where Ψ,Λ, X, γn are the 32-component formalizm analogs of
ψ, λ, χ,Γn. (Note, that Ψ,Λ are 32-component spinors with pos-
itive, but X - with negative chirality). Eq.’s (6.4)-(6.6) provide
the complete correspondence between our notations and that
from other papers.
7 Scaling Transformation
The D=10 supergravity equations of motion are invariant under
the scale transformation of the type [19], [3]:
Xj → µ
qj Xj (7.1)
whereXj is an arbitrary field, but qj is a numerical factor, which
has a specific value for each field, µ is an arbitrary common
factor. This invariance may be reproduced at the lagrangian
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level if one transforms a lagrangian according to the general
rule (7.1) with q = 3. (The transformation (7.1) does not touch
the space-time coordinates).
It is important that this invariance also takes place when
matter fields and tree-level superstring corrections are taken into
account, i.e. equations of motions (A.6)-(A.11) and equations
(4.6) -(4.10) are scale-invariant. (Note that corrections of higher
order in the string-slope α′ -parameter as well as one-loop su-
pergravity corrections break this invariance).
We present below the transformation rules for different fields
(the numerical factors in the table are the values of qj for each
field):
φ −1 Tabc −1/2 T
γ
ab −3/4
eam 1/2 Habc −3/2 ψ
γ
a −1/4
Da −1/2 Nabc −1/2 χ −5/4
Dα −1/4 Aabc −3/2 Rab
cd −1
Fab −1 λ −3/4 e
−1L −2
This scale invariance is extremely helpful in establishing of
the lagrangian general structure and the structure of any pos-
sible intermediate expression. It is this invariance helps us to
select in [7] the tree-level superstring/fivebrane corrections from
all other possible superstring correction terms in the equations
of motion. It is also the basis for use in [7] the simplest form of
the N -field BI’s (with zero in the r.h.s), as opposed to the case
of H-field BI’s in the usual supergravity, where Chern-Simons
contributions enter in the r.h.s. (There is no possibillity to intro-
duce the Chern-Simons form into the r.h.s. of the N -field BI’s
without breaking the (7.1) scale invariance, as opposed to the
case of H-field BI’s). The corrections, related with the Green-
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Schwarz anomaly compensating terms enter in the game only
through the Aabc-field in the DUAL SUGRA and do not break
the (7.1) scale invariance.
Appendix
We present here relations between the superfields (and their
zero superspace components) in the DUAL SUGRA, which were
derived in [7] and used in the text of the present paper.
The torsion and the graviphoton BI’s are used in the form:
D[ATBC)
D + T[AB
Q TQC)
D −R[ABC)
D = 0. (A.1)
D[A1NA2...A8) +
7
2
T[A1A2
QNQA3...A8) ≡ 0 (A.2)
The nonzero superfield components are Tabc ( which is com-
pletely antisymmetric), Tab
β and:
Tαβ
c = Γcαβ , Taβ
γ =
1
72
(TˆΓa)β
γ
,
Nαβa1...a5 = −(Γa1...a5)αβ,
Nabc = Tabc , (A.3)
where
Nabc ≡
1
7!
ǫabc
b1...b7 Nb1...b7 Tˆ ≡ TabcΓ
abc.
All the super-curvature components are not equal to zero
and may be derived in terms of torsion components and their
spinorial derivatives. There are constraints:
DaTabc = 0, (A.4a)
25
TabΓ
ab = 0, (A.4b)
R−
1
3
T 2 = 0, (A.4c)
where R is a supercurvature scalar (R ≡ Rabcdη
acηbd, T 2 ≡
TabcT
abc). (There are a lot of additional relations, which are not
interesting for our purposes here, see [7] for details).
The dilaton φ and dilatino χα ≡ Dαφ- superfields are intro-
duced independently. The Aabc-superfield (which is an arbitrary
field up to the moment) appears for the first time in the most
general expresion of the dilatino-field spinorial derivative:
Dαχβ = −
1
2
Dˆαβφ+ (−
1
36
φTabc + Aabc) Γ
abc
αβ , (A.5)
Now we are ready to present the complete set of e.m.’s for the
independent superfields. (For our present purposes it is sufficient
to consider only zero superspace components of these equations):
gravitino equation of motion:
Qa ≡ φLa−Daχ−
1
36
ΓaTˆ χ−
1
24
TˆΓaχ+
1
42
ΓaΓ
ijkDAijk+
1
7
ΓijkΓaDAijk = 0,
(A.6)
dilatino equation of motion:
Q ≡ Dˆχ+
1
9
Tˆ χ+
1
3
ΓijkDAijk = 0. (A.7)
dilaton equation of motion:
S ≡ D2aφ+
1
18
φT 2 − 2TA−
1
24
DΓijkDAijk = 0. (A.8)
graviton equation of motion:
Sab ≡ φRab − L(aΓb)χ−
1
36
φηabT
2 +D(aDb)φ−
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−2T(aAb) +
3
28
DΓij(aDAb)ij −
5
336
ηabDΓ
ijkDAijk = 0. (A.9)
graviphoton equation of motion:
Sabcd ≡ D[a(φTbcd]) +
3
2
T[abΓcd]χ+
3
2
φT 2[abcd]+
+
1
12
(TǫA)abcd + 6 (TA)[abcd] +
3
4
DΓ[ab
jDAcd]j = 0. (A.10)
The following notations are introduced in (A.6)-(A.10):
TA = TijkA
ijk, (TA)ab = TaijAb
ij, La = TabΓ
b
(TA)abcd = TabjAcd
j, (TǫA)abcd = T
ijkεijkabcdmnsA
mns.
There are two additional equations for the Aabc-superfield. The
first one follows from the self-consistency of eq.(A.6) (cf. [12],
[6], [17]):
DΓ[a
ijDAb]ij + 56D
jAjab −
64
3
(TA)[ab] = 0. (A.11)
The second one means, that 1200 IR contribution to the A-
field spinorial derivative is equal to zero:
(DαAabc)
(1200) = 0, (A.12)
This condition may be derived immediately from (A.5) [17].
Note, that the most general solution of (A.12) takes the form:
DAabc = Γabc
deXde. (A.13)
where Xγab is an arbitrary function which is 16+144+560 IR of
O(1.9).
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Using (A.13) one may may get rid of spinorial derivatives in
the equations of motion and consider them as equations for zero
superfield components. The explicit expression of Xab-superfield
in terms of physical fields may be derived using (2.5) and (4.4)
(for matter sector contribution) and using eq. (3.19) from [7]
(for superstring corrections contribution).
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